[bookmark: _Hlk489988649][bookmark: _GoBack]3GPP TSG-RAN WG2 #102	R2-1807688
Busan, Korea, 21st – 25th MAY 2018

Source:	MTI, APT
Title:	CSI Reporting in C-DRX
Agenda Item:	10.3.1.10
Document for:	Discussion and Decision
1. Introduction
In current specification, it was agreed that CSI reports originally configured for PUCCH can be multiplexed on PUSCH. The related context is given below.  
Agreement in RAN1#92 
When a single slot PUCCH overlap with a single slot PUSCH with the same starting symbol and with different ending symbols, PUCCH is not transmitted and UCI is piggybacked on PUSCH using the same multiplexing rules defined in 38.212 for fully overlapped PUCCH and PUSCH. 
TS 38.213 v15.1.0
If a UE has a PUSCH transmission with a same first symbol as a PUCCH transmission that includes HARQ-ACK, or semi-persistent CSI, or periodic CSI information, the UE multiplexes the HARQ-ACK or the semi-persistent CSI, or periodic CSI information in the PUSCH.
Thus, the following periodic events are present in NR:
· periodic CSI (P-CSI) reporting multiplexed on PUSCH
· PUCCH-based semi-persistent CSI (SP-CSI) reporting multiplexed on PUSCH
These periodic events may not be covered by MAC entity, resulting in possible issues in C-DRX.  
In current MAC entity, DRX is specified as below.
TS 38.321 v15.1.0
When DRX is configured, the MAC entity shall:
1> if CQI masking (cqi-Mask) is setup by upper layers:
     2> if drx-onDurationTimer is not running:
          3> not report CSI on PUCCH.
1> else:
     2> if the MAC entity is not in Active Time:
          3> not report CSI on PUCCH.
As seen, it only captures the case on PUCCH. Thus, if PUCCH is multiplexed on PUSCH in C-DRX, whether these periodic events are controlled by DRX needs to be discussed.
2. UCI on PUSCH upon DRX
UCI types include HARQ-ACK, SR, and CSI, reported on PUCCH or multiplexed on PUSCH. For UCI multiplexed on PUSCH without UL-SCH, although there were no agreements on how to determine the UCI resources [1], it is a supported feature in NR. The related agreements are listed below.  
Agreement in RAN1#92 
For UCI-only multiplexed on PUSCH without UL-SCH
· Modulation order and code rate are signaled in DCI.
· Resource determination following the same principle as UCI multiplexing on PUSCH with UL-SCH.  
· FFS: A-CSI only without UL-SCH on PUSCH is triggered explicitly based on adding one bit in DCI or triggered implicitly based on a special combination of certain existing fields in DCI.
· FFS: how modulation and code rate are signaled.
Agreement in RAN1#92
SP-CSI reports on PUSCH cannot be multiplexed on the PUSCH with uplink data transmission. 
· SP-CSI report is dropped
Agreement in RAN1#92
When CSI part 2 piggybacked on PUSCH without UL-SCH, lower priority information bits are omitted until CSI Part 2 UCI code rate is below  where 

FFS:  is based on code rate calculated at UE or signalled by gNB in DCI. 
Note: if  is larger than 1, UE consider it is an error case.
When UCI is multiplexed on PUSCH without UL-SCH data, there is no transport block (TB) for the UL-SCH and only UCI reporting on the current PUSCH would be transmitted. Since no TB is sent, no HARQ is involved and hence the transmission of UCI may be not considered as a new transmission [2]. 
In the current MAC, DRX inactivity timer is reset when PDCCH indicates a new DL or UL transmission. The related context in specification is given below.
TS 38.321 v15.1.0
When DRX is configured, the MAC entity shall:
1> if the MAC entity is in Active Time:
     2> if the PDCCH indicates a new transmission (DL or UL):
          3> start or restart drx-InactivityTimer.
If no UL-SCH data is present and UCI is not considered as a new UL transmission, the following cases may not restart DRX inactivity timer, i.e., they would be transmitted in DRX Non-Active Time as well,
· P-CSI reporting multiplexed on PUSCH 
· PUCCH-based SP-CSI reporting multiplexed on PUSCH
· AP-CSI reporting [2]
· PUSCH-based SP-CSI reporting [3] [4]
As a result, it may require UE to wake up (in a sense of enabling uplink transmission) in the middle of DRX Non-Active Time. This is not a desirable feature for DRX from UE power saving perspective.
2.1 P-CSI reporting multiplexed on PUSCH
In current MAC entity, P-CSI reporting shall not be reported in DRX Non-Active Time. The intention is to facilitate UE power saving and to simplify periodic alignment between P-CSI reporting and DRX cycles. In other words, if UE is not allowed to report CSI in DRX Non-Active Time, gNB can fully control the balance between power saving efficiency and CSI reporting frequency, by simply using DRX cycle types, i.e., long cycle or short cycle, and DRX timer values, e.g., 0 millisecond, 1 millisecond, 1600 millisecond, etc. An illustration of DRX cycle control for periodic alignment for P-CSI reporting is depicted in Fig. 1. 
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Figure 1. DRX cycle control and periodicity alignment for P-CSI reporting.
For P-CSI reporting multiplexed on PUSCH, the DRX design shall follow the same rule when P-CSI reporting is performed on PUCCH without multiplexed. The intention is to have consistency on UE behavior for P-CSI reporting no matter which channel is used for uplink transmission. 
To have better consistency and facilitate DRX operation for power saving, we thus propose
Proposal #1: When PUCCH-based P-CSI reporting is multiplexed on PUSCH in C-DRX, UE shall NOT perform P-CSI reporting if the MAC entity is not in Active Time.  
2.2 PUCCH-based SP-CSI reporting multiplexed on PUSCH
In current MAC entity like P-CSI reporting, PUCCH-based SP-CSI reporting is not reported in Non-Active Time. Based on our understanding, there is no technical reasons to change this rule. 
First, the use case of SP-CSI reporting for PUCCH is like the use case of P-CSI reporting. In Reference, Table I shows a full comparison on different use cases. As seen, P-CSI and PUCCH-based SP-CSI have the same use cases, except PUCCH-based SP-CSI provides Type II CSI reporting (part 1 only) on sub-bands. This partial Type II CSI reporting would not be worthy to break DRX function by allowing CSI reporting in DRX Non-Active Time. 
Second, activation and deactivation of PUCCH-based SP-CSI are based on MAC-CE. Considering MAC-CE processing latency (around 3 milliseconds given in RAN1#92b), and ambiguous period defined in DRX, gNB and UE would pay extra efforts to confirm, activation, and deactivation the process of SP-CSI reporting. 
For PUCCH-based SP-CSI reporting multiplexed on PUSCH, we have the same view as P-CSI reporting. the DRX design shall follow the same rule whether PUCCH-based SP-CSI reporting performs on PUCCH or multiplexed on PUSCH. That said, the MAC entity shall not report PUCCH-based SP-CSI on PUSCH in DRX Non-Active Time. The intention is to have consistency of UE behavior no matter which channel is used for uplink transmission.
To have consistency and facilitate DRX operation for power saving, we thus propose
Proposal #2: When PUCCH-based SP-CSI reporting is multiplexed on PUSCH, UE shall NOT perform PUCCH-based SP-CSI reporting if the MAC entity is not in Active Time.  
2.3 AP-CSI reporting
In current MAC, since there were no agreements to limit AP-CSI reporting in C-DRX, AP-CSI reporting on PUSCH can be reported in DRX Non-Active Time. Based on our understanding, there is no technical reasons to against this result.
The intention of AP-CSI reporting is to achieve a dynamic request from gNB. It is a one-time reporting activated and deactivated by DCI, covering all possible use cases of CSI reporting. Due to its on-demand property and the capability of dynamic scheduling, gNB shall take full control of AP-CSI reporting from UE regardless of DRX timer status, thus we propose
Proposal #3: When DRX is configured, UE shall perform AP-CSI reporting regardless of the MAC entity being not in Active Time.
2.4 SP-CSI reporting for PUSCH
Like AP-CSI reporting, there were no agreements for PUSCH-based SP-CSI reporting in C-DRX. In current MAC, PUSCH-based SP-CSI reporting can be sent in Non-Active Time as well. Based on our understanding, there is no technical reasons to change this behavior.
First, according to Table I, the use cases for PUSCH-based SP-CSI reporting are  
· Type II CSI reporting (part 1 + part 2) 
· Type II CSI reporting (part 1 only) 
Note that only AP-CSI reporting can support Type II CSI reporting as well. Therefore, when gNB needs Type II CSI reporting in a periodic manner, PUSCH-based SP-CSI reporting would be the only choice. On top of that, when gNB triggers PUSCH-based SP-CSI reporting in C-DRX, it seems that gNB needs periodic Type II CSI reporting on purpose to avoid repetition of triggering AP-CSI reporting. In this sense, UE shall report PUSCH-based CSI regardless of DRX Non-Active Time.
Second, activation and deactivation of PUSCH-based SP-CSI reporting are accomplished by DCI. This means that dynamic scheduling is achievable and PUSCH-based SP-CSI reporting can be terminated or restarted in any given DRX Active Time. With this property, network could reduce SP-CSI reporting in the middle of DRX Non-Active Time and maintain UE power saving functionality.
For the use case of Type II CSI reporting and the capability of dynamic sceduling, we thus propose
Proposal #4: If PUSCH-based SP-CSI reporting is activated when DRX is configured, UE shall report PUSCH-based SP-CSI regardless of the DRX timers.  
However, for better periodicity control and better consistency, we shall consider a case when PUSCH-based SP-CSI reporting is triggered before DRX is configured. In this case, we propose that MAC entity shall not report PUSCH-based CSI in DRX Non-Active Time. The intension is that since DRX is triggered after SP-CSI reporting is activated, UE shall switch its goal from CSI reporting to power saving perspective, and DRX should have higher priority than the CSI reporting. The concept drives to classify PUSCH-based CSI reporting into Type A (no report in Non-Active Time for better power saving) and Type B (report in Non-Active Time for better CSI reporting) according to the trigger timing on whether DRX is configured or not, which is depicted in Fig. 2. 
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Figure 2. Proposal #5: Allow PUSCH-based SP-CSI reporting to behave differently according to the trigger timing; Type A: no report in Non-Active Time, and Type B: report in Non-Active Time. 
Thus, to achieve a better balance between power saving and CSI reporting, we propose 
Proposal #5: Allow PUSCH-based SP-CSI reporting to behave differently according to the trigger timing; Type A: no report in Non-Active Time, and Type B: report in Non-Active Time
3. Conclusions
Based on the discussion and observation, we have the following proposal:
Proposal #1: When PUCCH-based P-CSI reporting is multiplexed on PUSCH in C-DRX, UE shall NOT perform P-CSI reporting if the MAC entity is not in Active Time.  
Proposal #2: When PUCCH-based SP-CSI reporting is multiplexed on PUSCH, UE shall NOT perform PUCCH-based SP-CSI reporting if the MAC entity is not in Active Time.  
Proposal #3: When DRX is configured, UE shall perform AP-CSI reporting regardless of the MAC entity being not in Active Time.
Proposal #4: If PUSCH-based SP-CSI reporting is activated when DRX is configured, UE shall report PUSCH-based SP-CSI regardless of the DRX timers.
Proposal #5: Allow PUSCH-based SP-CSI reporting to behave differently according to the trigger timing; Type A: no report in Non-Active Time, and Type B: report in Non-Active Time.
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Table I. Use cases for P-CSI reporting, SP-CSI reporting, and AP-CSI reporting [5]
	Use case
	Feedback bandwidth
	Periodic reporting
	Semi-persistent reporting
	Aperiodic reporting

	Type I CSI reporting
	WB/PB
	Short PUCCH
Long PUCCH 
	Short PUCCH
Long PUCCH 
	Short/Long PUCCH
PUSCH

	
	SB
	Long PUCCH
	Long PUCCH
	Long PUCCH
PUSCH

	Type II CSI reporting (part 1 + part 2)
	SB
	N.A.
	PUSCH
	PUSCH

	Type II CSI reporting (part 1 only)
	SB
	N.A.
	Long PUCCH
PUSCH (when dropping part 2)
	Long PUCCH
PUSCH (when dropping part 2)

	NZP CSI-RS IM reporting
	WB/PB
	N.A.
	FFS
	Short/Long PUCCH
PUSCH

	
	SB
	N.A.
	FFS
	Long PUCCH
PUSCH

	Semi-open-loop CSI reporting
	WB/PB
	Short PUCCH
Long PUCCH 
	Short PUCCH
Long PUCCH 
	Short/Long PUCCH
PUSCH

	Non-PMI CSI reporting
	
	
	
	

	Hybrid CSI reporting
	
	
	
	

	Beam reporting
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